A theoretical method which can b• used to calculate the pressure field patterns of pulsed, focused, ultrasonic radiators in attenuating and nonattenuating media is discussed in this paper. The underlying principle involved is the superposition of continuous wave beams to form pressure pulses. The method is adapted to the circumstances associated with using a hydrophone to measure field patterns. Experimentally obtained hydrophone signals are then compared to theoretical predictions. The field patterns of four transducer-pulser combinations are investigated. A medium with tissue-mimicking acoustical properties is used to attenuate the ultrasonic beam in these studies. Thd theory compares favorably with experiment whether an attenuating medium is present or not. However, the theory fails at positions very close to the transducer face (• 1 cm} and when significant nonlinear effects occur during the transmission of the pulse through the medium. This work may have significant applications in research devoted to designing ultrasonic transducers for particular studies, determining dose profiles of medical ultrasonic machines, and analyzing the ultrasonic signals backscattered from within patients.
INTRODUCTION
Presently, the majority of the radiators or transducers that are employed in medical diagnostic ultrasound are focused and operated in the pulsed mode. The ability to predict, theoretically, the field patterns 
where Re denotes "real part of."
Equivalently, we can write p(r, t): f: Pu(r, co)A o(co)e "•' rico, 
It is important to realize that once the H(co) are known, 
C. Particular experimental considerations
Geometry of the attenuating medium
The arrangement that was used to obtain the experimental data reported in this paper is shown in Fig. 2. A hydrophone was employed to respond to the pressure field. The attenuating media were in the form of cylindrical phantoms occupying only part of the region between the hydrophone and the transducer face. To account for this shape influence, effective speeds of sound and attenuation coefficients were computed and introduced into the theory. The pertinent parameters for the effective value calculations are depicted in Values obtained with these expressions are good approximations to those that would be obtained along paths between area elements on the transducer face and the center of the hydrophone face, and the expressions simplify calculations considerably.
Discrete sampling
The majority of the equations in the hydrophone response section of this paper (Sec. IB) are in the form of Fourier transforms. In the experiment that was performed, individual hydrophone output signals were discretely sampled and digitized. As a consequence, the above-mentioned equations were evaluated using fast Fourier transforms. The sampling theorem criteria TM were fulfilled to avoid aliasing effects. That is, transducers. The second delivered a current pulse to the transducers and was part of a Unirad Sohograph II commercial B-scan instrument. This Unirad unit is about eight years old. Hereafter, the Panametrics and Unirad pulsers will be referred to as pulsers "P" and "U," respectively. The hydrophone that was used was a Raytheon PVF2 polymer prototype with an active (receiving) element diameter of 1 
B. Alignment of the axes
The transducer-hydrophone system was aligned by following the procedure outlined below.
(1) The hydrophone receiving element was positioned in the alcohol/water mixture at the approximate center of curvature of the transducer.
(2) Pulser P was used to drive the transducer, and the hydrophone was translated vertically and horizontally to find the x-y position at which its output signal was a maximum. To avoid nonlinear effects in the water-alcohol mixture when pulser P was used to excite the 3.5-MHz transducer, the pulser had to be set to emit its lowest energy pulses. Such a measure was not necessarywith either transducer for pulser U or with the 2.25-'MHz transducer for pulser P because the spectral distributions of the resulting pressure waves were more weighted toward the low frequencies. As shown in Figs spike from pulser P is displayed in Fig. 16(a) . The downward slope of the second half-cycle of the signal is much steeper than that of the lower energy signal shown in Fig. 11(a) . This is a characteristic of the dis- •ince the superposition theory for pulsed waveforms from a focused rafiiator assumes a linear system, it would be expected to fail for nonlinear signals. This is evident in the comparisons between theory and experiment shown in Figs. 
16(c) and (d).
If an attenuating phantom is placed between the transducer and the hydrophone so as to reduce the energy of the pressure pulse that gives rise to the reference signal, the improvement in agreement between experiment and theory is dramatic. The results of such a study involving the same experimental signals as those shown in Figs. 16(a), (c), and (d) In summary, if the experimental signal level is large enough that significant nonlinear effects occur during transmission of the pulse through the region of space (volume) investigated, the theory will be in error.
However, in these cases, it is possible to reduce the pulse amplitude using attenuating material, producing a waveform for which the present theory is applicable.
B. The effects of different dispersion relations
The importance of the frequency dependence of the speed of sound or the dispersion relations on the signal shape were investigated by comparing plots acquired when different dispersion relations were input into the theory. A comparison between theory and experiment depicting the effects of these relations for the Case of 
